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Role of surgical treatment for peripheral arterial disease 
in endovascular era 
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Purpose: The purpose of this study is to review the roll changes of surgical treatment for peripheral artery disease in endo- 
vascular era. Methods: One hundred and twelve surgically treated cases of peripheral artery disease at a single institution 
during the period from 2006 to 2011 were studied retrospectively. The cases were divided into two groups of different time 
periods, one before 2009 (surgical period group) and the other from 2009 onward (endovascular period group). We analyzed 
the type and location of surgery as well as clinical characteristics of patients and treatment results. Results: Fifty-three cases 
were for the surgical period group and 59 cases for the endovascular group. No difference in the demographic characteristics 
and the distribution of major atherosclerosis risk factors was found between the two groups. Additionally, the technical and 
functional success rate was similar in both groups. However, it is found that there were more acute cases in the endovascular 
period group than in the surgical period group. The number of cases in need of suprainguinal or below knee exposure was 
similar in both groups. In hybrid cases, suprainguinal or below knee exposures were more frequently needed during the for- 
mer period than the latter period. Conclusion: The role of surgical treatment is currently in the process of changing. Surgical 
treatment seems to be a complementary alternative to endovascular treatment for chronic limb ischemia. However, it still 
seems to play a major role for acute limb ischemia. 
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INTRODUCTION 

The prevalence of peripheral arterial diseases has been 
increasing along with the increase of aged populations in 
most developed countries [1]. The same phenomenon is 
found in Korea along with the necessity for invasive treat- 
ment for diseases. Recent advances in endovascular treat- 
ment techniques and tools are rapidly changing the range 
of indications within peripheral arterial diseases as well as 



treatment plans for these diseases [2]. Such changes in 
treatment schemes are reflected in TASC II (2007), which 
reports the lesions that are mostly in the domain of surgi- 
cal treatment and that can now be treated by endovascular 
means with similar results [3]. As generally recognized, 
endovascular treatment is an invasive means of treatment 
but is less invasive than surgical means. And it can be ap- 
plied to patients with relatively high risks against invasive 
treatment, which suggests a wider range of the indicants 
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of invasive treatments [1,4]. 

The number of invasive treatment cases of patients with 
peripheral arterial disease was also increased in Ulsan 
University Hospital. Such increase is mostly due to the 
growing number of endovascular treatment cases. The 
proportion of surgical treatment, however, was not de- 
creased but maintained at a constant level (Fig. 1). We de- 
signed this study for two purposes: first, to investigate the 
trends of surgical treatment while the role of endovascular 
treatment expanded and surgical treatment still played a 
role under this changing circumstance; secondly, to ana- 
lyze the trends of surgical treatment at a single, mid-sized 
medical institution. 



entire study period and divided the cases into two groups 
under the treatment time period, one is the "surgical peri- 
od" group for the cases before 2009 when surgical treat- 
ment showed higher frequencies and the other the 
"endovascular period" group for the cases from 2009 on- 
ward when endovascular treatment was more frequent 
(Fig. 1). 

Disease categories 

The study cases were classified into acute ischemia and 
chronic ischemia lesions based on the urgency of the onset 
of the symptom. And, the urgency was determined from 
clinical characteristics of the symptoms rather than the 
generally applied time factor. Further categorization of 
each type of lesion was made based on the method pro- 
posed by Rutherford as follows: 

1) Categories of acute limb ischemia lesion: according to 
the Rutherford classification, these cases were divided in- 
to the categories of viable, threatened, and irreversible 
limb, which were denoted with letters I, II and III, re- 
spectively 

2) Categories of chronic limb ischemia lesions: accord- 
ing to the Rutherford classification, these cases were div- 
ided into the categories of mild claudication, moderate 
claudication, severe claudication, ischemic resting pain, 
minor tissue loss and major tissue loss, which were de- 
noted with numbers 1, 2, 3, 4, 5, and 6, respectively [3]. 



METHODS 

Materials 

We investigated the retrospectively collected records of 
peripheral arterial disease patients who had received 
treatment at a single hospital during the period from 
March 2006 to December 2011. With every case, treatment 
plans were determined by the in-house vascular meetings 
with two vascular surgeons and one radiologist. Preoper- 
ative clinical characteristics and postoperative results and 
complications were analyzed based on the medical re- 
cords of all the patients. In order to determine the trends of 
surgical treatment, we investigated the number of surgical 
treatment cases and endovascular treatment cases over the 



Classification of surgical treatments 
Classification by location of surgery 

Depending on the location of the vascular lesion that re- 
quired exposure during surgery, the cases were divided 
into those above inguinal ligament (suprainguinal, SI), be- 
low inguinal ligament to above knee (thigh, T) and below 
knee (BK). When two or more locations were involved, the 
cases were recorded as "T" when the lesions were limited 
in between the inguinal ligament and the knee, "SI" when 
it included the area above the inguinal ligament and "BK" 
when it included the area below the knee. 

Classification by surgical method used 

The case was classified as a 'bypass' when bypass proce- 
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dure was performed by creating vascular exposures at two 
or more locations regardless of the conduit types, a 
'nonbypass operation' (NBO) when thrombectomy, embo- 
lectomy, endarterectomy or patch angioplasty was per- 
formed with only one point vascular exposure, or 'hybrid' 
when both surgical treatment and endovascular treatment 
were performed. 

Result definitions 

The result of surgery was defined as a 'technical success' 
when the desired reperfusion was successfully accom- 
plished by surgery as anticipated, a 'functional success' 
when ankle-brachial index (ABI) increased by 0.2 com- 
pared with the preoperative level or when the tissues of 
the lesion at the location where recovery had been antici- 
pated before surgery actually revived. 'Patency' was de- 
fined for the cases where blood flow was radiologically 
confirmed or when ABI did not decrease by more than 0.1 
compared with the prechecked level. For the analysis of 
complications, occurrences of pneumonia within one 
month after the surgery, new or deteriorated renal failure, 
hemorrhage that required surgical intervention, infection 
of operation site, myocardial infarction and cerebral 
stroke were investigated. 

Statistical analysis 

Tests of statistical significance comparing were con- 
ducted using % and Fisher exact test for categoric varia- 
bles, and t test for continuous variables. A probability val- 

Table 1. Baseline characteristics of the patients with surgical 
treatment for peripheral arterial disease (n = 112) 



Characteristic Value 



Age (yr) 


65.9 ± 13.02 


Sex (male/female) 


89/23 


Hypertension 


47 (42.0) 


Diabetes mellitus 


27 (24.1) 


Hyperlipidemia 


19 (17.0) 


Smoker 


60 (62.0) 


eGFR (mL/rnin) 


70.98 ± 23.75 


eGFR <50mL/min 


13 (11.6) 


Acute limb ischemia 


47 (42.0) 


Chronic limb ischemia 


65 (58.0) 



Values are presented as mean ± standard deviation or number (%). 
eGFR, estimated glomerular filtration rate. 



ue of P < 0.05 was considered statistically significant. All 
statistical analyses and drawing graphs were performed 
using SPSS ver. 11.0 (SPSS Inc., Chicago, IL, USA) and R 
package (ver. 2.15). 

RESULTS 

A total of 112 cases were included in this study. The 
mean age of patients was 65.9 years (range, 15 to 93 years) 
and male:female ratio was 89:23. The number of cases 
where patients had accompanying major risk factors for 
arteriosclerosis such as hypertension, diabetes mellitus, 
hyperlipidemia and smoking habit was 47 (42.0%), 27 
(24.1%), 19 (17.0%) and 60 (62.0%), respectively. The mean 
estimated glomerular filtration rate (eGFR) calculated 
based on age, gender and creatinine level was 70.98 
mL/min and the number of cases with eGFR below 50 was 
13 (11.6%). The number of acute ischemia and chronic is- 
chemia cases was 47 and 65, respectively (Table 1). 

Classification of the cases into treatment time period 
groups showed 53 cases treated during surgical period 
and 59 cases during endovascular period. Mean age of pa- 
tient in each period group was 66.96 and 64.95, respec- 
tively, and male:female ratio was 44:9 and 45:14, res- 
pectively. The number of patients with hypertension, dia- 
betes mellitus, hyperlipidemia and smoking habit was 23 
(43.4%), 12 (22.6%), 9 (17.0%) and 32 (60.4%), respectively, 



Table 2. Baseline characteristics of the patients in surgical and 
endovascular era 



Characteristic 


Surgical 
period (n = 53) 


Endovascular 
period (n = 59) 


P-value 


Age (yr), mean 


66.96 


64.95 


0.640 


Sex (male/female) 


44/9 


45/14 


0.377 


Hypertension 


23 (43.4) 


24 (40.7) 


0.771 


Diabetes mellitus 


12 (22.6) 


15 (25.4) 


0.731 


Hyperlipidemia 


9 (17.0) 


10 (16.9) 


0.996 


Smoker 


32 (60.4) 


38 (64.4) 


0.660 


Preoperative ABI, mean 0.32 


0.33 


0.916 


Acute/chronic limb 


15/38 


32/27 


0.005 


Revascularization 


5 (9.4) 


22 (37.3) 


0.001 



at more than two level 



Values are presented as number (%) unless otherwise indicated. 
ABI, ankle brachial index. 
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in surgical period group and 24 (40.7%), 15 (25.4%), 10 
(16.9%) and 38 (64.4%), respectively in endovascular peri- 
od group (Table 2). 

The preoperative average ABI for each period was 0.32 
and 0.33, respectively. The ratio of acute versus chronic le- 
sions was 15:38 for surgical period and 32:27 for endovas- 
cular period. The number of cases in which revasculariza- 
tion was required at two or more locations using an in- 
vasive method including surgery was 5 (9.4%) during sur- 
gical period and 22 (37.3%) during endovascular period 
(Table 2). Preoperative categorization of the lesion type for 
each period group resulted in findings of category I and II 
of acute ischemia lesions in 14 and 1 cases respectively in 
surgical period group and 28 and 3 cases respectively in 
endovascular period group. Category 3, 4, 5 and 6 of 
chronic type lesions were found in 17, 6, 11 and 4 cases re- 
spectively in surgical period and 15, 3,1 7, 3 cases in endo- 

Table 3. Preoperative status of cases 



_. . , Surgical Endovascular „ 

Clinical status , . , P-value 

period period 



Acute limb 


15 


31 




II 


14 


28 


0.545 


III 


1 


3 


1.000 s ' 


Chronic limb 


38 


27 




3 


17 


15 




4 


6 


3 


0.474 


5 


11 


7 


0.783 a) 


6 


4 


3 




Critical limbs 


21 


13 


0.981 



'Result of Fisher exact test. 



Table 4. Classification of treatment by location and type 

Surgical Endovascular 
period (n = 53) period (n = 59) 



Location 



Suprainguinal 


8 (15.1) 


4 (6.8) 


Thigh 


40 (75.5) 


39 (66.1) 


Below knee 


5 (9.4) 


16 (27.1) 


Type of surgery 






Bypass 


33 (62.3) 


23 (39.0) 


Nonbypass operation 


19 (35.8) 


30 (50.8) 


Hybrid 


1 (1.9) 


6 (10.2) 



0.033 
0.034 a) 



0.023 
0.025 a) 



Values are presented as number (%). 
a, Results of Fisher exact test. 



vascular period. Separate categorization of critical limb 
type consisting of categories 4, 5 and 6 resulted in finding 
of 21 such cases in surgical period and 14 cases in endovas- 
cular period (Table 3). Classification by the location of sur- 
gery revealed 8, 40 and 5 cases respectively of SI, T and BK 
category in surgical period and 4, 39 and 16 cases in endo- 
vascular period. When classified by the method of surgery 
used, the number of cases of bypass, NBO and hybrid was 
33, 19 and 1 during surgical period and 23, 30 and 6 during 
endovascular period (Table 4). 

Technical success rate in surgical period group and en- 
dovascular period group was 96.2% (51/53) and 98.3% 
(58/59), and functional success rate was 83.0% (44/53) and 
84.7% (50/59), respectively. Three-year patency rates were 
81.3% and 66.7% respectively. Mortality cases were 4 in 
surgical period and 2 in endovascular period. Postoper- 
ative complications were one bleeding, 8 pneumonias, and 
3 renal failures in surgical period, and one myocardial in- 
farction, one wound infection, 5 pneumonias, 3 renal fail- 



Table 5. Postoperative results 



Result 


Surgical 


Enodvascular 


P-value 


period (n = 53) 


period (n = 59) 


Technical success 


51 (96.2) 


58 (98.3) 


0.602 


Functional success 


44 (83.0) 


50 (84.7) 


0.120 


3 Year patency rate (%) 


81.3 


66.7 




Mortality 


4(7.5) 


2 (3.4) 


0.420 


Postoperative complications 12 


11 


0.552 


Bleeding 


1 (1.9) 


1 (1.7) a) 




Myocardial infarction 


0(0) 


1 (1.7) 




Wound infection 


0(0) 


1 (1.7) 




Pneumonia 


8 (15.1) 


5 (8.5) 




Renal failure 


3(5.7) 


4 (6.8) a) 





Values are presented as number (%). 
a> Qne case had bleeding with renal failure. 



Table 6. Subgroup results of below knee surgery 



Surgical Endovascular 
period (n = 5) period (n = 16) 



Acute 


3 


11 


0.557 


Chronic 


2 


5 


1.000 a) 


Type of surgery 








Bypass 


2 


6 


0.656 
1.000 a> 


Nonbypass operation 


3 


10 


Hybrid 


0 


0 



'Results of Fisher exact test. 
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Table 7. Brief results of hybrid procedures in endovascular era 



No. Age Sex Procedures 
category 



1 


71 


M 


3 


Fem-fem, Rt SFAPTA 


2 


71 


M 


6 


Rt fem-pop, Rt EIA stent 


3 


61 


M 


3 


Lt fem-pop, Lt EIA stent 


4 


54 


M 


3 


Lt SFA thrombectomy, fem-fem, 










Rt CIA stent 


5 


68 


F 


4 


Bilateral fem-pop, lower leg 3 ' PTA 


6 


64 


M 


II 


Lt SFA thrombectomy, Lt SFA and 



lower leg PTA 



sions which could only be treated with surgical methods 
can now be handled with endovascular methods [5]. In ad- 
dition to treatment method, changes also occurred in the 
inclusion of subjects for endovascular treatment as evi- 
denced by the fact that patients with higher risks are now 
indicated with this method and more cases than just crit- 
ical limb ischemia cases, including those aimed at improv- 
ing quality of life, are now included as the subject of in- 
vasive treatment [6]. 

The number of surgical treatment cases in this study 
was not significantly changed in both surgical period and 
endovascular period. Considering that surgical period 
was shorter than endovascular period by two months, the 
6-case difference between the period groups is ignorable 
and, therefore, it can be said that there was no actual differ- 
ence in the number of cases between the two periods. The 
reason for an increase of peripheral arterial disease cases 
that required invasive treatment was an increased number 
of endovascular treatment cases in our hospital (Fig. 1). It 
may be due to an extension of indication for endovascular 
treatment (data not shown). Considering the facts that 
there has been no change in the number of surgical treat- 
ment cases in age, gender and preoperative conditions of 
patients, such increase does not mean there have been an 
increased number of patients with high risks. Such develop- 
ment shows clear distinction from the previous phenom- 
enon in which the advancement of endovascular aneur- 
ysm repair techniques resulted in the application of surgi- 
cal treatment to patients with abdominal aortic aneurysm 
with higher risks than was previously possible [7]. The de- 
gree of risk in the cases included in surgical treatment did 
not show any increase nor was there any significant differ- 
ence of postoperative rates of complications and mortality. 
However, the number of acute cases increased consid- 
erably during endovascular period compared with the 
previous period. This contrasts with the fact that the num- 
ber of acute cases that received endovascular treatment 
did not increase, which may be because acute embolism, 
which is the main cause of acute limb ischemia, can be 
treated more effectively with surgical means than endo- 
vascular methods [6,8]. Also, it may be partly because it 
takes longer to mobilize the endovascular surgery team 
and equipment leaving the readily available surgical treat- 



Fem-fem, femorofemoral bypass with graft; Rt, right; Lt, left; SFA, 
superficial femoral artery; FTA, percutaneous transluminal 
angioplasty; fem-pop, femoropopliteal bypass with graft; EIA, 
external iliac artery; CIA, common iliac artery. 
a, Below knee arteries, peroneal artery, anterior tibial artery and 
posterior tibial artery. 

ures and one bleeding with renal failure case in endovas- 
cular period (Table 5). Death within one month from sur- 
gery occurred in 4 cases (7.5%) in surgical period and 2 cas- 
es (3.39%) in endovascular period and the occurrences of 
complications were observed in 12 cases (22.6%) in surgi- 
cal period and 11 cases (18.6%) in endovascular period 
(Table 5). 

Subgroup analysis of BK surgeries performed during 
endovascular period showed 11 acute cases and 5 chronic 
cases, showing more acute cases compared with 3 cases 
and 2 cases respectively during surgical period. Classifi- 
cation by surgical method used revealed 6, 10 and 0 cases 
respectively of bypass, NBO and hybrid during endovas- 
cular period compared with 2, 3 and 0 cases respectively 
during surgical period, indicating increased use of NBO 
(Table 6). 

Hybrid procedure was performed in 1 case in surgical 
period but the number increased to 6 in endovascular 
period. Summary of 6 cases in which hybrid procedure 
was performed during endovascular period is shown in 
Table 7. 

DISCUSSION 

The treatment of peripheral arterial disease is con- 
tinuously changing along with the advancement of endo- 
vascular techniques. Influenced by such changes, the le- 
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ment as an inevitable option in an emergency situation 
such as the onset of acute limb ischemia. 

Surgical treatment has higher risks since suprainguinal 
approach requires general anesthesia and abdominal 
incision. In the cases of below knee approach, in particular, 
surgery tends to be performed in noncritical cases and 
with more care because postoperative patency rate is low- 
er than that of distal approach [9]. According to the re- 
cords in Ulsan University Hospital, the number of the cas- 
es of suprainguinal approach in endovascular period de- 
creased to half compared with the previous period (Table 
4). It may reflect a new trend of applying an endovascular 
method, if possible, to suprainguinal lesions that have 
high operational risk. The number of BK lesion cases in- 
creased considerably compared with previous period, be- 
cause most of the cases were of acute limb ischemia (Table 

6) . The number of surgical treatments of BK lesions in 
chronic limb ischemia cases was 2 cases in surgical period 
and 5 cases in endovascular period showing no significant 
increase; The number of bypass surgery also was 2 cases 
and 6 cases respectively, showing not much increase com- 
pared with NBO cases. The roles of endovascular treat- 
ment and surgical treatment can be deduced more clearly 
from the results of hybrid procedures performed during 
endovascular period. In 6 cases of this period in which hy- 
brid procedure was performed, surgical repair was mostly 
limited within the thigh, while suprainguinal lesions and 
BK lesions were resolved by endovascular method (Table 

7) . 

The advancement of new treatment techniques also al- 
lows the existing treatment methods to evolve to more safe 
ones [10]. The advancement of endovascular treatment 
method for peripheral arterial disease has continuously 
been improved toward substituting existing surgical 
methods [11]. Such advancement of endovascular treat- 
ment methods seems to have increased the applicable 
range of invasive treatment in peripheral arterial disease 
in general. It may be partly because of the fact that supra- 
inguinal lesions can now be treated with endovascular 
methods, thereby making it possible for the patients with 
higher risks than was previously possible to be included in 
the indicants of these methods. Thanks to these advanced 
endovascular methods, the overall number of invasive 



treatment of patients with peripheral arterial disease with 
limb ischemia increased in our hospital. While the total 
number of such cases increased, the number of surgical 
treatments for chronic limb ischemia decreased, which 
may be because some of them were replaced by endovas- 
cular treatment. However, the number of surgical treat- 
ments for acute limb ischemia increased. 

In conclusion, surgical treatment seems to be a comple- 
mentary method to endovascular treatment for chronic 
limb ischemia but still seems to play a major role for acute 
limb ischemia. 
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